The carbohydrate residues of glycoproteins and glycolipids are located on the external face of the plasma membrane where they may mediate interactions with neighbouring cells and the extracellular matrix. The asymmetric distribution of membrane carbohydrates could be of significance in cell-cell recognition since intercellular adhesion of lymphocytes may be regulated by major histocompatibilitycomplex-determined protein-carbohydrate interaction at cell surfaces (Parish et al., 1981) . In the production of antibodies, T and B lymphocytes play distinctive but interdependent roles and experimentally these cells can be separated on the basis of their characteristic surface membrane composition (Wigzell et al., 1972; Wybran, 1979) . Differences in carbohydrate residues between mouse T and B cells have been reported (Krusius et al., 1979) but there is little comparative information on the surface carbohydrates of equivalent human lymphocyte populations, although unseparated cells have been more extensively studied (Presant & Kornfeld, 1972; Van Beek et al., 1978; Reisner et al., 1979 ).
An interesting approach to the analysis of cell surface saccharides is to evaluate their capacity for interaction with lectins. Lectins are cell agglutinins which bind to sugar residues of specific configuration and sequence (for review, see Goldstein & Abbreviations used: FITC, fluorescein isothiocyanate; Ig, immunoglobulin. Vol. 208 Hayes, 1978) . A large number of lectins have been described with an extensive range of sugar specificities. In the present study, we have used FITCconjugated lectins in conjunction with flow cytometry to examine the lectin binding properties of human peripheral blood lymphocytes either as an unseparated population or after fractionation into T-cell and B-cell enriched subsets. 50,ul) were added to a series of microtitre plates and varying amounts of FITClabelled lectins were added from stock solutions of lectins of concentration 0.4 mg/ml. Final volumes were made up to 150pl. All solutions and cell suspensions were cooled to 40 C before mixing cells and lectins. Incubations were carried out at 40C for 30 min with occasional agitation. Kinetic experiments showed that 30min was an adequate time for attainment of the equilibrium of bound:unbound lectin. The degree of specificity of lectin binding was determined by incubation with appropriate monosaccharide inhibitors. These sugar ligands were mixed with lectins for 5 min before addition of cells. After incubation, the contents of each microtitre well were suspended in 1 ml of buffer and cell fluorescence was measured by flow cytometry. Competition studies were also carried out in which native lectins were assessed for their ability either to inhibit the binding to cell surfaces of FITC-conjugated lectins (i.e. native lectins added first to cell suspensions followed by FITC-lectins) or to displace FITC-lectins already bound to the cell surface. Additional details are given in appropriate Figure legends . At 40C, cell-bound FITC-lectins appeared to be located mainly at the cell surface, with minimal intracellular fluorescence as judged by fluorescence microscopy.
Materials and methods Lectins

Flow cytometry
The cells were measured in a Biophysics Cytofluorograf 4800A interfaced to a desk top computer (Hewlett-Packard 9845A). This has been previously described (Blackledge et al., 1980a,b) and allows for analysis of cell populations by using two-dimensional histograms. The mean fluorescence of the cell populations with lectin bound was estimated by using the expression:
where Nc is the total number of channels and ni is the number of cells in channel i (modified from Bohn, 1976) . cytes after binding of FITC-lentil lectin (Fig. 2a) ; the differences in cell fluorescence were independent of cell size. In contrast, the interaction of lymphocytes with FITC-concanavalin A yielded only one cell population of relatively low fluorescence (Fig.  2b) . We have examined ten lectins, including those described in this paper, and FITC-lentil lectin was the only lectin which gave separable cell populations on the cytogram (M. Harding & J. T. Gallagher, unpublished work). Lymphoid cells were then sorted on the basis of their FITC-lentil lectin cell fluorescence by using a fluorescence-activated cell sorting system with the sorting gates adjusted to discriminate between the high-and low-fluorescence subsets illustrated in Fig. 2(a) . The two sorted populations were then evaluated for their rosette-forming ability with sheep erythrocytes. Notably, 77% of the low FITC-lentil lectin subset were E-rosette-positive whereas only 27% of the high FITC-lentil lectin subset formed E-rosettes. This experiment demonstrated that the low reactivity with FITC-lentil lectin was correlated with an enrichment of T-lymphocytes (E-rosetting cells) and raised the possibility that the high FITClentil lectin fluorescence population was enriched in B lymphocytes.
Analysis ofseparated lymphocytes
Cells separated into E-rosetting and non-rosetting subgroups were examined for their cell surface markers and for their lectin reactivity. B-lymphocytes, considered as surface-Ig bearing cells, were almost entirely localized in the non-rosetting cells (Table 1 ). The two cell populations bound different amounts of FITC-lentil lectin over a wide range of added lectin concentrations (Fig. 3a) (Fig. 3a) .
We have now studied six healthy donors and despite some variation in fluorescence values each individual yielded non-rosetting cells of higher reactivity with FITC-lentil lectin than their Erosetting counterparts.
Specificitv oflectin interaction
The binding of both FITC-lentil lectin and FITC-concanavalin A to E-rosetting and nonrosetting cells was markedly decreased (by 80-95%) by the monosaccharide inhibitor, a-methyl mannoside (Fig. 1) . The inhibitory effect of the sugar decreased slightly with increasing lectin concentrations. When cells were pre-incubated with native concanavalin A (Fig. 4) or native lentil lectin (Fig. 5) the binding of the corresponding FITC-conjugated lectins showed a concentration-dependent decrease. Inhibition was particularly marked when native lentil lectin was used to inhibit the binding of FITC-lentil lectin. By comparison, native concanavalin A was a less effective inhibitor of FITC-concanavalin A binding and this relates to our finding that, unlike the binding of FITC-lentil lectin (Fig. 3a) , FITCconcanavalin A binding does not reach a plateau value but continues to show a slight increase with each increment of lectin concentration (Fig. 3b) . to E-rosetting and non-rosetting lymphocytes Incubation conditions were as in Fig. 1 . A, Non-rosetting with FITC-lentil lectin; x, E-rosetting with FITC-lentil lectin; 0, non-rosetting with FITC-concanavalin A; 0, E-rosetting with FITC-concanavalin A.
This may be due to lectin-lectin interactions or to the exposure of small numbers of cryptic concanavalin A binding sites at high bound-lectin concentrations.
Individuality oflectin binding sites
Pre-bound FITC-lentil lectin could not be displaced from cell surfaces by subsequent addition of either native lentil lectin or native concanavalin A; pre-bound FITC-concanavalin A behaved similarly. Thus, the rate of spontaneous dissociation of bound lectin was negligible. Pre-bound native lentil lectin, although a good inhibitor of FITC-lentil lectin binding (Fig. 5) did not inhibit the binding of FITC-concanavalin A. However, pre-bound concanavalin A caused a partial inhibition of the binding of FITC-lentil lectin (Fig. 4) . These results show that FITC-lentil lectin and FITC-concanavalin A bind to different sites on the lymphocyte surface but that an initial interaction with concanavalin A impairs the ability of FITC-lentil lectin to recognize complementary saccharide sequences.
Discussion
Lectins are valuable tools for examining the composition of cell surface saccharides in situ; lectin-binding data permit analysis at the molecular level of the expression of carbohydrate sequences, and some information on the biochemical organization of lectin-reactive groups may be acquired from competition studies.
Probably the most important observation in this study was that FITC-lentil lectin identified two distinct populations in human peripheral blood lymphocytes which corresponded to weaklyfluorescent T-cells (E-rosetting group) and highly fluorescent non-T cells which were enriched in B lymphocytes (Figs. 2a and 3) . Lentil lectin will bind to complex biantennate oligosaccharides and to certain forms of triantennate structures, but a key feature of lentil lectin reactivity is the requirement for a fucosyl residue on the GlcNAc which is in N-glycosidic linkage to asparagine in the protein core (Kornfield et al., 1981) . Our findings suggest that T and B lymphocytes differ strikingly in their expression of such sequences, to a degree which permits the sorting of these two populations on the basis of their FITC-lentil lectin fluorescence. To our knowledge, this is the first observation of differences in complex fucosylated saccharide chains on subsets of human peripheral blood lymphocytes and the use of this distinction for cell sorting represents a new and rapid method for enrichment of T and B cells without recourse to pre-treatment of the surface membrane with neuraminidase, an essential step in the fractionation of these cell populations with Helix pomatia lectin (Hellstrom et al., 1976 lectins is inhibited by similar monosaccharides (Howard et al., 1971; Allen et al., 1976 ; see also Fig. 1 ). Like lentil lectin, concanavalin A will bind to complex biantennate chains but the interaction does not require a fucose residue (Narasimhan et al., 1979; Baenziger & Fiete, 1979) . Concanavalin A will bind strongly to oligomannosyl-type chains, in contrast to the weak interaction of FITC-lentil lectin with mannose-terminated sequences (Kornfeld et al., 1981 Fig. 4 . A, Nonrosetting with FITC-lentil lectin; *, E-rosetting with FITC-lentil lectin; 0, non-rosetting with FITCconcanavalin A; 0, E-rosetting with FITC-concanavalin A.
that may be derived from binding data with these lectins.
Topographically, the partial inhibition of FITClentil lectin binding by pre-exposure of lymphocytes to concanavalin A (Fig. 4) indicates that the blocked lentil lectin sites are very close to concanavalin A sites, the inhibition arising either through steric hindrance or a concanavalin A-induced alteration in saccharide conformation. Possibly some lentil lectin sites are located more deeply within surface associated structures than are concanavalin A sites, an arrangement which might also explain why prebinding with lentil lectin does not impair the reactivity of FITC-concanavalin A (Fig. 5) . Inhibition studies of this type may ultimately lead to the 'mapping' of membrane saccharide domains.
The physiological significance of differences in expression of membrane saccharides is unknown. However, it is noteworthy that in a study of the functional heterogeneity of E-rosetting lymphocytes, we have isolated cells with non-specific cytotoxic activity against cultured tumour cells on the basis of FITC-lentil lectin binding (Vose et al., 1982 (Vose et al., 1981 . Others have shown an association between binding of Vicia vellosa lectin and allo-specific cytotoxic functions (Kimura et al., 1979 
